Descending coronary artery (LAD) with the Left Internal Mammary Artery (LIMA) can be carried out through a left anterior small thoracotomy without cardiopulmonary bypass as a beating heart (LAST operation). This approach is quite appealing to the patients due to minimal invasiveness, short hospital stay and quick recovery.
ORIGINAL ARTICLE
Surgical revascularization of the Left Anterior Descending coronary artery (LAD) with the Left Internal Mammary Artery (LIMA) can be carried out through a left anterior small thoracotomy without cardiopulmonary bypass as a beating heart (LAST operation). This approach is quite appealing to the patients due to minimal invasiveness, short hospital stay and quick recovery.
The LAST operation, introduced and popularised by Calafiore et al. [1] can be considered nowadays a good option for patients with an isolated proximal LAD lesion not favourable for PTCA (total obstruction or type C lesion) or in care of recurrent stenosis following PTCA. However there are few drawbacks related to the LAST operation. First of all harvesting of the LIMA is technically demanding when is performed through a small anterior thoracotomy and the arterial conduit can be occasionally traumatised and/or irreversibly damaged. Furthermore, due to a difficult exposure, the branches of the upper portion of the LIMA are usually not divided and this might produce a steal phenomenon with recurrent angina in spite of a patent LIMA graft [2] .
Finally, the LAST operation has to be occasionally converted into a midline sternotomy procedure because the LAD is not appropriately identified or exposed through a small thoracotomy as is running intramurally as is diffuses diseases and an endoarterectomy can be required.
In this study we report our preliminary experience with the use of LAST operation in high risk patients. All patients had high value of preoperative risk, mean predicted death with EUROSCORE and Parsonnet (figure 1) score were 29% and 31% respectively (table 1) .
Matherial and Metods

The patients
All patients had a proximal LAD lesion either not suitable for PTCA (9 patients) or previously submitted to unsuccessful PTCA (2 patients) and multivessel coronary artery disease. Angina pectoris was invariably present or predominant symptom in the preoperative course. Although 3 patients had a previous myocardial infarction involving part of the anterior ventricular wall and the septum, important ventricular dysfunction did not occur. (The mean preoperative Ejection Fraction in the study group was: 42.5±5%). Four patients (36.4%) had previous surgical myocardial revascularization. Three patients had insulin-dependent diabetes mellitus. The quality of the LAD distal to the obstructing lesion however was considered acceptable at angiography, in all patients.
The technique
After induction of anesthesia the patient is intubated with a double-lumen endotracheal tube to allow exclusion of the left lung when necessary during the procedure. The central lines are inserted as usually and the right radial artery is cannulated for arterial pressure monitoring. External defibrillation pads are appropriately placed on the chest wall. The patients are placed in a supine position with the left hemithorax elevated approximately 30 degree and are draped so as to expose the entire chest and the groins.
Using the sternal angle as a guide to the second rib on the left side, the fourth rib is palpated. An incision is made directly over the fourth interspace wich is above the nipple. The pectoral muscle is divided and dissected from the bone as necessary to enter the fourth intercostals space. No cartilage or ribs are removed. The intercostals muscle is dissected off the cephalad portion of the 5 th rib (figure 2). Care is taken not to injure the mammary artery medially. Once all the muscle fibers are divided the mammary artery is identified in the fat. The lung is deflated or packed away. The CTS Lift (CTS) set is inserted and the upper chest elevated, the lower portion depressed. The mammary artery is dissected in the usual fashion. Branches are clipped. The artery must be taken as far as possible to the apex of the chest and the medial pleura and thymus must be divided to provide adequate length. The CTS Stabilizer set is inserted and the mammary can be dissected caudally for one additional interspace. Heparin is administered (50% of the dose, ACT>280) and the mammary artery divided. The mammary artery is tailored for anastomosis and suspended from a towel or sponge draped over the cephalad portion of the incision. The pericardium is opened longitudinally over the LAD and a pericardial cradle created (figure 3) . The retractor stabilizer is positioned to immobilize the artery and the heart. A CO2 blower is used to keep the anastomotic site free of blood. The LAD is dissected from the fat and controlled proximally with a compression and an intravascular shunt is inserted. The anastomosis is performed using a parachute coronary anastamotic technique. The mammary artery pedicle is sewn to the fat using 5-0 suture. A Medi-stim evaluation was performed in all cases (figure 4). The heparin is reversed with protamine. The ribs are reapproximated. The pectoral muscle, subcutaneous tissue and the skin are closed with adsorbable suture.
Results
No hospital or late mortality was observed in this cohort of high risk patients.
The length of the conduit (mammary artery) was always adequate in 100% of the cases.
The entire procedure was always completed within 4 hours. Conversion to midline sternotomy was necessary in one case to perform myocardial revascularization for low flow of the mammary artery harvested with minithoracotomy; an off-pump aorto-coronary by-pass on LAD was performed using saphenous vein. This patient had an uneventful postoperative course. In two cases LIMA-LAD anastomosis were repeated for bad value of Mean Flow (MF) and Pulsatily Index (PI) with the Medistim evaluation. The mean values of MF and PI were 27±4 and 2.1±0.5 respectivelly. No case of surgical revision for intraoperative bleeding was required. In all patients the average postoperative bleeding was less than expected for a conventional operation (310±50ml). No patients required transfusion of blood or blood substitutes.
A case of left pneumothorax requiring chest drainage was recorded in the 3th postoperative day.
No perioperative myocardial infarction or other major complications were observed and no abnormal enzyme level elevation was recorded.
Temporary atrial fibrillation, occurred in three cases (27.3%) and was pharmacologically treated with success (i.v. amiodarone).
No cases hybrid procedure was performed although multivessels disease.
None perioperative embolic event was recorded. All patients were discharged within the first postoperative week and resumed normal day life activities within the second postoperative week.
All cases of Redo procedure (4/4) were discharged from the hospital without complications. Ventilation time, length of ICU stay and length of Hospital stay are reported in table 2. All patients remained asymptomatic with medical therapy during the follow-up. 
THE USE OF "LAST" OPERATION IN HIGH RISK PATIENT
Mean (range)
Ventilation time (hours) 5 (3-14) ICU stay (hours) 37 (18-53) Hospital stay (days) 6.7 (6-7)
Discussion
The "LAST" operation is a good option in patients [5, 6] with complete LAD obstruction or lesions which are defined not suitable for PTCA and those who have been already submitted to one or more PTCA procedures who have experienced recurrence of stenosis. The "LAST" operation undoubtedly represents a good option also in patients with previous myocardial revascularization without the use of mammary artery. Excellent results have been repeatedly reported by different groups [1, 7, 8, 9] and patency rate of the LIMA to LAD anastomosis above 95% has been documented [10] .
Furthermore, the LAST operation offers the advantages associated with a minimally invasive approach, namely a short hospitalization time and a fast recovery. In our experience all patients were discharged within the first postoperative week.
Moreover off-pump approach without aortic manipulation showed minor incidence of embolic and bleeding complications (Calafiore) . Many surgeons, however are reluctant to perform the LAST operation because of the difficult LIMA harvesting through the small thoracotomy. In addition the inappropriate divarication or exposure of the LAD, as well as the appreaciation of a diffuse diseased intramural vessel, may occasionally lead the surgeon to perform midline sternotomy following thoracotomy.
Introduction into the clinical practice of specialized instrumentation, for stabilzation during the anastomosis and the possibility to evaluate graft flow (Echo Doppler) immediately, allowed a wider spread of performing LIMA to LAD grafting through a LAST (Calafiore) .
The reoparation for coronary artery disease through median sternotomy is a high risk procedure with high incidence of complications as right ventricule damage, bleeding, low cardiac output, renal and respiratory insufficiency, etc.
In our small series of four Redo procedure no cases of complications were recorded.
Moreover the advent of Drug-Eluting stents shoved better results and start the use of hybrid procedure (Murphy 2004). The hybrid myocardial revascularization remain attractive in situations such as redo procedures, in patients with significant morbidity, and in those with severe aortic or mitral ring calcification in whom moving or elevating the heart during revascularization of the posterior coronary vessels might result in injury of the calcified ascending aorta or the mitral annulus.
The quality of the LIMA graft and the blood flow through it can be evaluated before anastamosis tailoring. The length of the conduit was always adequate in 100% of cases of our group. In this series all patients had an LAD of acceptable quality and never running intramurally. Only one patient of this series (9%) required midline sternotomy for inadequate flow of the mammary artery.
In this series optimal exposure of the operative field was uniformly obtained with minimal costal retraction. It is well recognized that excessive costal retraction results in postoperative chest pain and discomfort.
No cases of complications due to incomplete myocardial revascularization were recorded.
In conclusion, the use of the LAST operation enhances the role of minimally invasive surgery also in coronary artery revascularization in patients with high risk.
The minimally invasive approach, preferred for patients with low surgical risk in the past, can be used satisfactory in high risk patients or in Redo procedure. Further studies are necessary to perform a correct evaluation and long-term follow-up. 
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